
By Gregory C. Delzer, John S. Zogorski, Thomas J. Lopes, pounds, and a proportionate’increase in concentrations was
and Robin L. Bosshart found when these compounds occurred together. The pro-

portionate increase could indicate a common source of
Abstract MTBE and BTEX for those samples. Toluene and total

Methyl tert-butyl ether (MTBE) is a gasoline oxygen- xylene were the most frequently detected BTEX compounds

ate. Oxygenates such as MTBE, when added to gasoline,
and the most frequently detected VOCs in these investiga-
~tions. Detected concentrations of toluene and total xylene

increase the gasoline’s oxygen level and decrease vehicular
carbon monoxide emissions and ozone levels in the atmo- ranged from 0.2 to 6.6 ~tg/L and 0.2 to 15 gg/L with median

concentrations of 0.3 and 0.4 ~tg/L, respectively.,sphere. MTBE disperses rapidly in water, was the second
most frequently detected volatile organic compound (VOC) Introductionin a study of shallow urban ground water, and is less biode- -
gradable than common gasoline compounds, such as ben- The Clean Air Act amendments of 1990 mandate sea-
zene, toluene, ethylbenzene, and total xylene (BTEX). sonal or year-round use of oxygenated compounds (oxygen-
Urban stormwater is a possible source of MTBE found in ages) in gasoline in specific parts of the United States.
shallow ground water. Oxygenates are added to gasoline to increase the oxygen

The U.S. Geological Survey (USGS) sampled stormwa- level, which enhances combustion and decreases vehicular

ter in 16 cities and metropolitan areas’that are required to carbon monoxide emissions. Oxygenates also reduce the
¯

obtain permits to discharge stormwaterfrom their municipal need for benzene and othgr (~zone-forming, aromatic corn-

storm-sewer system ~nto surface water. Concentrations of pounds in gasoline..Oxygenates .are added to gasoline dur-
ing the winter months (October through March) in areas

62 VOCs, including MTBE and BTEX compounds, were where winter concentrations of carbon monoxide exceedmeasured in 592 stormwater samples collected in these ~.
cities and metropolitan areas from 1991 through 1995. Con-

established air-quality standards. In select areas, oxygen-

centration data for MTBE and BTEX compounds in storm- ates also are added to gasoline to abate ozone pollution
during the summer months (April through September) as

water were compiled and analyzed, and the findings are
summarized in this report. This effort was pfirt of an inter- well as carbon monoxide pollution during the winter

agency assessment of the scientific basis and effectiveness months. MTBE is the most commonly used oxygenate and

of the Nation’s oxygenated fuel program and was coordi-’
is synthesized from methanol and isobutylene. MTBE is a

hated by the Office of Science and Technology Policy, Exec- VOC that is liquid at room temperature and is soluble in

utive Office of the President.
water, alcohol, and gasoline.

MTBE w~s the seventh most frequently detected VOC in Oxygenated gasoline and reformulated gasoline are two
classes of gasoline that contain different amounts of oxy-urban stormwater, following toluene, total xylene, chloro- genated compounds. Oxygenated gasoline contains no less

form, total trimethylbenzene, tetrachloroethene, and naph-
thalene. MTBE was detected in 6.9 percent (41 of~592) of than 2.7 percent oxygen by weight, or 14.8 percent MTBE

~by~volume. ~Keformulated-gasoline-contains-no-less~than
stormwater samples collected. When detected, concentra- 2.0 percent oxygen by wei’ght, or 11 percent MTBE by vol-
tions of MTBE ranged from 0.2 to 8.7 micrograms per liter ume. Officials have voluntarily chosen to use oxygenated
(~tgiL), with a median of 1.5 gg/L. All detections of MTBE
were less than the lower limit of the U.S. Environmental

gasoline toimprove air quality in many areas of the United
States that are in compliance with air-quality standards.Protection Agency (EPA) draft lifetime health advisory

(20 gg/L) for. drinking water. Eighty-three percent of all
MTBE and other oxygenates also have been used to enhance

detections of MTBE in stormwater werg in samples col- octane levels of gasoline since the late 1970’s; however, the

letted during the October through March season of each
amount of oxygenate use’d is less than the amount stipulated

year (1991-95), which corresponds with the expected sea-
by the Clean Air Act.

sonal use of oxygenated g’~isoline in areas where carbon Of 60 VOCs measured in 1993 and 1994 as part of the
monoxide exceeds established air-quality standards. The USGS’s National Water-Quality Assessment Program,
median concentration of MTBE and benzene for all samples MTBE was the second m6st frequently detected VOC in
was statistically different and higher in samples collected ground water sampled from 210 shallow wells and springs "’
during the October through March season than samples col- in 8 urban areas (Squillace and others, !996)~ MTBE con-
lected during the April through September season. Sixty-six centrations exceeded 20 gg/L in 3 percent of the samples.
percent of all MTBE detections occurred with BTEX corn- The EPA has issued a draft lifetime health’advisory for
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MTBE in drinking water that ranges from 20 to 200 Ixg/L Because of human-health, engine-performance,.and
(U.S. Environmental Protection Agency, 1996). The EPA is water-quality concerns, the Office of Science and Tectmol-
continuing to assess MTBE.health data. Human-health ogy Policy, Executive Office of the President, coordinated
complaints related to MTBE air exposure by some individu- an interagency assessment of the scientific basis and effec-
als have been reportedin Fairbanks and Anchorage, Alaska; tiveness of the Nation’s winter oxygenated g~soline pro-
Missoula, Montana; Milwaukee, Wisconsin; and New Jer- gram. Findings .from this assessment (Zogorski and others,
sey. Symptoms of MTBE exposure included headaches, 1-996) indicate that MTBE occurs in urban air, disperses
dizziness, irritated eyes, coughing, disorientation, and nau- " rapidly in water, and could occur in precipitation in propor-
sea. tion to its concentration in the atmosphere. For a given

Possible nonpoint sources of MTBE in shallow ground atmospheric concentration, cooler temperatures result in

water include infiltration of stormwater runoff and precipi- higher concentrations of MTBE in precipitation than do
tation. Possible point sources include spills on land surfaces warmer temperatures.

that may enter surface water and releases from aboveground As part of the interagency assessment, data on VOCs in
and underground gasoline storage tanks. MTBE and other stormwater that were collected by the USGS were compiled
oxygenates released to the environment are expected to and analyzed. This repor~ presents a summary of the 10
move with water in the hydrologic cycle (fig. 1), primarily most frequently detected VOCs and an analysis of the
because they are highly soluble in water. Precipitation can occurrence of MTBE and BTEX compounds.
contribute MTBE to surface water by falling directly on a
body of water, by overland runoff, and from stormwater dis- Where has the USGS sampled urban
charges. MTBE is less biodegradable than common gas0- stormwater for MTBE?line hydrocarbons such as BTEX compounds, and although
volatile, MTBE is not expected to rapidly volatilize from Stormwater studies were Completed by the USGS in 11
deep, slow-moving rivers and some streams (Zogorski and states from 1991 through 1995 in association with local
others, 1996). More data are needed to assess the extent of cooperators. Data were interpreted as part of an effort to
MTBE’s movement in the h~rdrologic cycle, document the occurrence of fuel oxygenates in urban storm-

~ Cloud formation

Preopltation,contalrllng M~BE and other volatile ’ orgamc compounds Emiskions from

ill ;/
; iudustry and vehicles
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water with the most current information available. Storm- industrial, or highway. Samples generally were collected by
water samples collected in 16 cities and metropolitan areas han&dipping VOC sample bottles in stormwater, usually
with a population greater than 100,000 (fig. 2) were ana- Within the f~st 2 hours of storm runoff. One sample was
lyzed for BTEX compounds, MTBE (the only oxygenate collected during each storm event with the exception of
analyzed), and other constituents. These cities are required~ Colorado Springs, Colorado, where two to four samples
by the Clean Water Act to obtain permits for stormwater were collected (yon Guerard and Weiss, 1995). For this
discharged from municipal separate storm-sewer systems report, each sample from Colorado Springs was indluded in
into surface water. State air-pollution officials confirmed the data analYSes. All samples were analyzed atthe USGS
that MTBE was used in a winter oxygenated gasoline pro- Nationa) Water-Quality Laboratory by gas chromatogra-
gram during the sampling period in Colorado Springs and phy/mass spectrometry (Rose and Schroeder, 1995).
Denver, Colorado, and Phoenix, Arizona, and was not used
in an oxygenated gasoline program in the other 13 cities¯ In Where, how frequently, and at what
none of the cities was MTBE used in reformulated gasoline concentration was MTBE found in urban
for ozone abatement. MTBE, however, may havre been used stormwater?in all or some of these cities to enhance the octane of gaso-
line. Concentrations of 62 VOCs were measured in 592

stormwater samples collected in 16 cities from 1991
The USGS stormwater investigations wer.e not specifi- through 1995. MTBE was the 7th most’frequently detectedcally designed to characterize gasoline oxygenates in storm- VOC in urban stormwater, following toluene, total xylen¢,water. However, the data that were collected do provide chloroform, total trimethylbenzene, tetrachloroethene, andsome insights on the occurrence, or lack of occurrence, of naphthalene (table 1). MTBE was detected in one or more

MTBE and BTEX compounds in stormwater in the czlaes stormwater samples in eight cities--Atlanta, Georgia, Baton
sampled. The design of each investigation differed depend- Rouge, Louisiana, Birmingham, Alabama, Colorado
ing on the reqtfirements of each EPA Region and the extent Springs and Denver, Colorado, Dallas/Fort Worth and Sanof monitoring desired by each municipality. Samples were Antonio, Texas, and Phoenix, Arizona. Detectable concert-collected from a variety of stormwater conveyances, such as trations and frequency of detection for MTBE in these eightculverts, concrete pipes, lined ditches, and charmels. The cities are shown in figure 3.
drainage area of sampled sites typically was small and
ranged from 0.005 to 10.7 square miles. Each site had a MTBE detection frequencies were calculated ~or the
predominant land use including residential, commercial, entire study period and for the October through March and
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FiRure 2. Cities an6 metropolitan areas where MTBE was sample6 in urban stormwater, ~ 99~-95.
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April through September seasons for each stormwater Table 1. Statistical summary of the 10 most frequently
detected volatile organic compounds in urban stormwaterproject. The October through March season corresponds - in the United States, 1991-95with the expected winter use of oxygenated gasoline in

areas where carbon monoxide exceeds established air- [gg/L, micrograms per liter] ~
. ,

quality standards. Oxygenated gasoline is not expected to : Minimum Maximum Median Fre-¯"~be used during the April through September season in areas detected detected detected quency
where carbor[ monoxide exceeds air-quality standards, voc concen- concen- concen- of
ThreeLhundred five (305) of the samples were collecteddur- tration tration tration detection
ing the April through September season, and 287 samples (gg/L) (gg/L) (gg/L) (percent)

were collected during the October through March season. Toluene 0.2 6.6 0.3 23.2
MTBE was detected in 41 of the 592 stormwater samples, Total xylene 0.2 15 0.4 17.5
or 6.9 percent (fig. 3). Concentrations of MTBE in storm- Chloroform 0.2 7.0 0.7 13.4
water for all samples, including those less than the .mini-

Total trimethyl- 0.2 I5 0.3 12.4mum reporting level (MILL), ranged from less than the benzene
MRL to 8.7 ~tg/L, with a median concentration less than the

Tetrachloro- 0.2 42 0.6 8.0MRL. A detectable concentration is one that is greater than ethene
or equal to the MRL. All detections of MTBE were less
than the lower limit of the EPA draft lifetime health advi- ~ Naphthalene ¯ 0.2 5.1 0.3 7.4

sory (20 ~tg/L) for drinking water. Forthose samples in MTBE 0.2 8.7 1.5 ¯ 6.9
which MTBE was detected, the concentrations ranged from Dichloro- 0.2 13 0.3 5.9
0.2 to 8.7 gg/L, with a median of 1.5 ~tg/L. Eighty-three methane

percent, or 34 of 41 detections, occurred during the October Bromo- 0.2 2.8 0.6 5.8
through March season when MTBE would likely be used in dichloro-

methanegreater amounts in areas where carbon monoxide concentra-
tions exceeded air-quality standards. Ethylbenzene 0.2 2.0 0.3 5.0
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MTBE CONCENTRATION, FREQUENCY OF DETECTION,
IN MICROGRAMS PER LITER IN PERCENT

EXPLANATION                                                                        EXPLANATION
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~ October I                                                                                                 - March 31
* MTBE used seasonally in oxygenated gasoline ~ All samples

(25) Number of samples with concentrations less than the
minimum reporting level

(0/5) First number is number of detections from .April 1 -
September 30. Second number is number of
detections from October 1 - March 31

Figure 3. Concentration and frequency of detection of MTBE in urban stormwater from eight cities and metropolitan areas, 1991-95.
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The MILL for the analytical technique used for MTBE 41 MTBE detections were in samples that also had detect-
was reduced from 1.0 to 0.2 gg/L in April 1994. HoWever, able concentrations of BTEX compounds. A proportionate
most of the storfn~ater samples ~ollected in the USGS increase in concentration was found when these.compounds
.investigations described here were analyzed prior to this were detected together, which could indicate a common
change. The high MRL of 1.0 p.g/L for MTBE for most of source of MTBE and BTEX f9r these samples. Toluene and
the samples censors data with low concentrat.ions. A lower total xylene were the most frequently detected BTEX com-
MRL for MTBE would likely result in increased frequency pounds and were also the most frequently detected VOCs in
Of detection and’ a lower median detectable concentration, these investigations. When detected, concentrations of tolL-
The MILL was different for some stormwater samples ene and (oral xylene ranged from 0.2 to 6.6 gg/L and 0.2.to
because they had to be diluted prior to analysis, which 15 ~tg/L with median concentrations of 0.3 and 0.4 gg/L,resnlted in a higher reporting level. Eighty-three percent of respectively. BTEX compounds were analyzed with a MILLthe 592 samples were not diluted and were analyzed with a
MRL of 1.0 gg/L. Eleven percent were not diluted and of 0.2 p.g/L throughout the study.

were analyzed with a MRL of.0.2 gg/L. Six percent of the Detections of toluene, total xylene, and ethylbenzene did
samples ~ere diluted and were analyzed with a MILL that not follow a seasonal detection pattern. The median con-
ranged frrm 0.4 to !00 ~.g/I?.. centrations for these compounds were shown to be statisti-

The median concentration of MTBE for all samples was cally similar during the October through March season in ¯
shown to be statistically different and higher during the comparison to the April through September season. The
October through March season in comparison to the April detection of benzene, however, followed a seasonal detee-
through September season. The probability of the median tion pattern similar to that for MTBE. The probability of
concentration of MTBE being the same during these two the median concentrations Of benzene being the same rut-
seasons is less than 1 in 10,000. The strong seasonal detec- ing these two seasons is about 1 in 3,300. The strong
t-ion pattern may be attributed to the increased ~volume and seasonal detection pattern for benzene may be attributed, in
use of MTBE in gasoline during the oxygenated gasoline part, to the higher solubility and decreased volatility of ben-
season, longer atmospheri.c half-lives of MTBE during the zene during colder winter temperatures.
winter, and (or) to the higher solubility and decreased vola-
tility (the tendency of a liquid or solid to change into the ao ....

.~    1 ..............gaseous state) of MTBE in stormwater at winter tempera- ÷
turPs, ca

Z 7 ¯
For each of the three cities (Phoenix, Arizona, Colorado

Springs, Colorado, and Denver, Colorado) with known
MTBE use, MTBE was detected only in stormwater sam- o ~. a
pies collected during the season when oxygenated gasoline.
was in use (fig. 3). MTBE was detected in 16 of 40
(40 percent) samples and concentrations ranged from 1.0 to o ~ ~ ~ ’
4.2 gg/L, with a median concentration of 1.5 gg/L.

Detection of MTBE in cities cdnfirmed not to use oxy- 0.s ÷ ._~, ¯ ¯ o
genated fuel may be attributable to the use of MTBE in ga.s-
oline as an octane enhancer. These cities include Atlanta, u Minimum reporting level for BTEX
Georgia, Baton Rouge, Louisiana, Birmingham, Alabama, co 0.2 ....~,i ................~j ~ ~!,
and Dallas/Fort Worth and San Antonio, Texas.

How does the occurrence of MTBE relate ~o
0.o~°~    "

to other gasoline components? o.o~ .... , , i , ,, .... i , , , ,, .... , ,
Because of their toxicity, the common gasoline corn- o.q5 0.~ 0.2 o.5 a 2 5    ~0 2o

MTBE CONCENTRATION, IN MICROGRAMS PER LITER
pounds (BTEX compounds) historically have been. of con-
cern when gasoline is spilled into surface waters. MTBE, ’_EXPLANATION
however, is approximately 40 times more water soluble than ÷ DETECTABLE CONCENTRATIONS OF

ONLY BTEX COMPOUNDS--Number
BTEX compounds at room temperature. Once MTBE equals lO7
enters a surface water, it is expected t.o volati!ize at rates a DETECTABLE CONCENTRATIONS OF
similar to BTEX compounds in deep, slow-moving gtreams ONLY MTBE--Number equals 14
or rivers (Zogorstd and others, 1996). However, MTBE is o DETECTABLE CONCENTRATIONS OFexpected to persist longer than BTEX compounds in shal- BOTH .MTBE AND BTEX COMPOUNDS
low, fast-moving streams or rivers. --Number equals 27

Seventy-nine percent (467) of the 59~ stormwater sam- ¯ NONDETECTABLE CONCENTRATIONS
ples were collected from the eight cities that had at lhast one                      OF BOTH MTBE AND BTEXCOMPOUNDS--Nomber equals 3] 9
detectable concentration of MTBE. Thirty-two percent
(148) of the 467 samples had detectable concentrations of TOTAL NUMBER OF SAMPLES

EQUALS 467
either MTBE or BTEX (fig. 4). Among the 148 stormwater
samples, 18 percent contained both MTBE and BTEX corn- Fi~ure 4. Total concentration el BTEX compounds versus
pounds, 72 percent contained only BTEX compounds, and concentration of MTBE for eight cities that had detectable
10 percent contained only MTBE. Sixty-six percent of the concentrations of MTBE in urban stormwater, ~ 99~-95.
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Summary and Remaining Questions tributed to surface water by precipitation that falls directly
on larger bodies of water such as reservoirs and lakes?When gasoline containing MTBE is mixed with water,

MTBE concentrations in water will be about 40 times larger (4) Do other oxygenates react similarly to MTBE in the
than the common gasoline compounds (BTEX compounds) hydrologic cycle and occur in stormwater?
at room temperature. MTBE is added to gasoline to (5) Is land use an important factor in the occurrence of
increase the oxygen level, which enhances combustion and MTBE or BTEX compounds in urban stormwater?
decreases carbon monoxide emissions. In some areas where
concentrations of carbon monoxide exceed established air-. (6) Is stormwater recharge and (or) precipitation that

contains VOCs an important source of MTBE to groundquality standards, oxygenates are added to gasoline during
the winter months (October through March). Oxygenates, water in urban environments?
such as MTBE, reduce the need for benzene, and other The U.S. Geological Survey continues to work on these
ozone-forming, aromatic compounds in gasoline. Once " questions in cooperation with city, state, and other Federal
MTBE enters a surface water, it is expected to volatilize at agencies.
rates similar to BTEX componnds in deep, slow-moving
streams or rivers. However, MTBE is expected to persist’ References Cited
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